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ττ fusion to light h and heavy H,A Higgs bosons is investigated in the Minimal
Supersymmetric Standard Model (MSSM) at a photon collider as a promising
channel for measuring large values of tan β. For standard design parameters of a
photon collider an error ∆ tan β ∼ 1, uniform for tanβ >∼ 10, may be expected,
improving on complementary measurements at LHC and e+e− linear colliders.
1.) The measurement of the mixing parameter tanβ, one of the fundamen-
tal parameters in the Higgs sector of the Minimal Supersymmetric Standard
Model [MSSM] and other supersymmetry scenarios, is a difficult task. Many
of the observables, in the chargino/neutralino sector for instance, involve only
cos 2β and thus are quite insensitive to the parameter tanβ for large values.
Remarkably different however are the heavy H/A Higgs couplings to down-
type fermions which, for values of the pseudoscalar Higgs boson mass at the
electroweak scale and beyond, both are directly proportional to tanβ if this
parameter becomes large, see e.g. Ref.1, so that they are highly sensitive to its
value. Also the down-type couplings of the light h Higgs boson in the MSSM
are close to tanβ if the pseudoscalar mass is moderately small.
In this note we point out that ττ fusion to Higgs bosons at a photon
collider 2 can provide a valuable method for measuring tanβ, after searching
for and exploring Higgs bosons in γγ fusion 3,4. The entire Higgs mass range
up to the kinematical limit can be covered for large tanβ by this method.
2.) The formation of the light and heavy Φ = h/H/A Higgs bosons in ττ
fusion at a photon collider proceeds as shown in Fig.1. For the large-tanβ case
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studied here, all the Higgs bosons Φ decay almost exclusively [80 to 90%] to a
pair of b quarks. Therefore the final state consists of a pair of τ ’s and a pair
of resonant b quark jets.
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Figure 1: The process of ττ fusion to Higgs bosons in γγ collisions.
In the equivalent-particle approximation the process can be decomposed
into two consecutive steps: photon splittings to tau pairs, γ → τ+τ−, followed
by the fusion process of two (almost on-shell) taus to the Higgs bosons, τ+τ− →
Φ. The cross section is given by the convolution of the fusion cross section with
the ττ luminosity in the colliding photon beams:
σ[γγ → τ+τ−Φ] = πm
2
τ
2v2s
g2Φττ × 2
∫ 1
τ
dz
z
Dτγ(z)D
τ
γ(τ/z) (1)
v is the Higgs vacuum expectation value, v ≃ 246 GeV; √s = Eγγ is the
c.m. energy of the photons, and τ =M2Φ/s. The couplings gΦττ are normalized
to the Standard Model Higgs coupling to a tau pair, mτ/v. For large tanβ,
the couplings are given by
gΦττ = tanβ for Φ = A
gΦττ ≃ tanβ for Φ = h,H (2)
if the pseudoscalar mass parameter MA is sufficiently light in the case of h,
and sufficiently heavy in the case of H , cf. Ref. 1 for details. From the γ → τ
splitting function 5 Dτγ(z) the ττ luminosity
FLL(τ) =
( α
2π
)2
log2
M2Φ
m2τ
× [2(1 + 2τ)2 log τ−1 − 4(1− τ)(1 + 3τ)] (3)
in the second part of Eq.(1) can easily be derived.
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A rough estimate, based on the equivalent-particle approximation intro-
duced in Eq.(1), shows the size of the fusion cross section to be ∼ 8 fb for
the γγ c.m. energy Eγγ = 600 GeV and the Higgs parameters MH/A = 400
GeV and tanβ = 30. For an integrated luminosity of 200 fb−1, about 3,000
events can be expected in both H and A decay channels. As a result, a sta-
tistical error of order 1% can be predicted that compares favorably well with
other methods 6,7. On the other hand, the light Higgs boson h and, for mod-
erate mass values, the heavy Higgs bosons H,A can also be produced at lower
energies, e.g. Eγγ = 400 GeV.
In the same way the size of the cross section for the main background chan-
nel can be estimated: τ+τ− annihilation into a pair of b-quarks, via s-channel
γ/Z exchanges. As this mechanism is of higher order in the electroweak interac-
tions, it is naturally small and strongly suppressed away from the Z resonance
region. [The reverse process, annihilation of b’s to τ ’s, is very small due to
the fractional b electric charge.] A second background channel is associated
with diffractive γγ → (τ+τ−)(bb¯) events, the pairs scattering off each other by
Rutherford photon exchange. This diffractive background can be suppressed
strongly by choosing proper cuts: the paired fermions in diffractive events
travel preferentially parallel to the γ axes and they carry small invariant mass,
a topology quite different from the signal events.
3.) For an e±e− collider c.m. energy of 800 GeV, the maximum of the
γγ energy spectrum is close to 600 GeV. Adopting the detailed TESLA pa-
rameters, an integrated γγ luminosity of about 200 fb−1 per annum can be
expected in the margin 20% below the maximum e+e− energy 8. Similarly,
about 100 fb−1 may be accumulated for a γγ energy of 400 GeV at a 500 GeV
e±e− collider.
In the numerical analysis the full set of diagrams for the signal processes
γγ → τ+τ− + Φ[→ bb¯] and all diagrams for the background processes γγ →
τ+τ−bb¯, generated by means of CompHEP 9, are taken into account. This set
includes for the signal in particular the bremsstrahlung of the Higgs bosons off
the external τ legs.
The exact cross sections for the signals ofH and A Higgs-boson production
in the ττ fusion process, together with all the background processes, are pre-
sented in the top panel of Fig. 2. The cuts on the final states have been chosen
such that the diffractive γ-exchange mechanism is suppressed sufficiently well:
the invariant bb¯ mass has been constrained to the bracket ∆ = 0.05MΦ, the
taus are assumed visible and traveling in opposite directions to the beam axis
with tau energies in excess of 5 GeV, and polar angles beyond 130 mrad to
account for the shielding. From the complementary bottom panel of Figure 2
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Figure 2: The cross sections for the production of the H/A (top) and h (bottom) Higgs
bosons in the ττ fusion process at a γγ collider for tan β = 30. Also shown is the background
cross section for experimental cuts as specified in the text.
√
s denotes the γγ collider
c.m. energy, corresponding to approximately 80% of the e±e− linear collider energy.
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it is clear that ττ fusion to the light Higgs boson h can also be exploited to
measure tanβ for large values if the pseudoscalar mass is moderately small.
Eγγ = 400 GeV Eγγ = 600 GeV
MHiggs A⊕ h A⊕H A⊕ h A⊕H
[GeV] 100 200 300 100 200 300 400 500
tanβ I II III IV V VI VII VIII
10 8.4% 10.7% 13.9% 8.0% 9.0% 11.2% 13.2% 16.5%
30 2.6% 3.5% 4.6% 2.4% 3.0% 3.7% 4.4% 5.3%
50 1.5% 2.1% 2.7% 1.5% 1.8% 2.2% 2.6% 3.2%
Table 1: Relative errors ∆tan β/ tanβ on tan β in measurements for tan β = 10, 30
and 50, based on: combined A ⊕ h [I,IV] and A ⊕H [II,III,V–VIII] production, assuming
[Eγγ = 400 GeV, L = 100 fb−1] and [Eγγ = 600 GeV, L = 200 fb−1]. Cuts and efficiencies
are applied on the final–state τ ’s and b jets as specified in the text.
The statistical accuracy with which large tanβ values can be measured in
ττ fusion to Higgs bosons can be estimated from the predicted cross sections
and the assumed integrated luminosities. Efficiencies for bb tagging, ǫbb, and ττ
tagging, ǫττ , reduce the accuracy. For ǫbb ∼ 0.7 and ǫττ ∼ 0.5, for example 10,
the errors grow by a factor 1/
√
ǫbbǫττ ∼ 1.7. The expected errors for h/H/A
production are exemplified for three tanβ values, tanβ = 10, 30 and 50, in
Table 1. The integrated luminosities are chosen to be 200 fb−1 for the high
energy option and 100 fb−1 for the low energy option 8. For h production,
the mass parameters are set to MA ∼ 100 GeV and Mh = 100 GeV; for the
production of the heavy pseudoscalar A the mass is varied between 100 and
500 GeV. Results for scalar H production are identical to pseudoscalar A in
the mass range above 120 GeV. The two channels h and A, and H and A are
combined in the overlapping mass ranges in which the respective two states
cannot be discriminated. In Table 1 we have presented the relative errors
∆ tanβ/ tanβ. Since in the region of interest the ττ fusion cross sections are
proportional to tan2 β and the background is small, the absolute errors ∆ tanβ
are nearly independent of tanβ, varying between
∆ tanβ ≃ 0.9 and 1.3 (4)
for Higgs mass values away from the kinematical limits.
It should be noted that away from the kinematical limits, the Higgs fu-
sion cross sections vary little with the γγ energy since the suppression of the
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parton subprocess with rising energy is almost compensated by the luminosity
function. As a result, the smearing of the γγ energy has a mild effect on the
analysis presented here. Moreover, since the γγ machine-luminosity rises with
the collider energy, the errors on tanβ decrease correspondingly.
4.) ττ fusion to the heavy Higgs bosons H/A of the MSSM at a photon
collider is a promising channel for measuring the Higgs mixing parameter tanβ
at large values. Complemented by ττ fusion to the light Higgs boson h for
moderately small values of the pseudoscalar Higgs boson massMA, the MSSM
parameter range can nicely be covered in all scenarios. This analysis compares
favorably well with the corresponding b-quark fusion process at the LHC 7.
Moreover, the method can be applied readily for a large range of Higgs mass
values and thus is competitive with complementary methods in the e+e− mode
of a linear collider 6.
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